Assessment of usual dietary intake is of increasing importance in rural societies of low income countries where food insecurity can be chronic but transitioning diets and lifestyles are also gradually increasing risks of obesity and chronic diseases (Black et al. 2013) . Current methodology in population-based dietary assessment relies mainly on 24-hour recalls and food frequency questionnaires (FFQ), usually directed to current intakes. Both methods have been widely implemented and validated for use in diverse settings (Margetts and Nelson 1997) . Where there is a high degree of seasonal variation in dietary intake, however, it is not clear that either of these methods, when deployed at one time of year, adequately captures usual dietary variability throughout the year. An improved method, more aligned with obtaining recalls of typical, year-round dietary patterns, would enable researchers to better estimate dietary intakes and evaluate diet-disease and intervention-health outcome relationships in low income settings.
nutrient intake throughout the year (Hebert et al. 1998; Hebert et al. 1999) . Assessments that do not consider seasonal variation have the potential for lower accuracy and greater misclassification. Those that employ analytical adjustments for seasonality rely on untested assumptions about accuracy of participant recollection of intake during a given season.
The present investigation explores the ability to assess year-round and seasonal usual frequencies of dietary intake with a novel, singly administered FFQ, drawing on information from the agricultural calendar to identify seasonality of foods. The study was carried out over the course of two years in a population of adult women in the rural southern plains of Nepal. Presented are measures of agreement between dietary intake frequencies as assessed by two components of the FFQ, a cross-seasonal usual intake questionnaire and a past 7-day intake questionnaire, with the aim of assessing the accuracy of data collected with a single administration of the cross-seasonal portion of the FFQ.
MATERIALS AND METHODS

Setting
The data for the present study were collected in the Sarlahi district in the southern plains region (Terai) of Nepal in a follow-up to the 1993-7 NNIPS 2 trial, a cluster-randomized, placebo-controlled trial of antenatal vitamin A and β-carotene supplementation (West et al. 1999 ), designed to assess long term effects of antenatal supplementation and determinants of health and nutritional status in women and their offspring in this rural Nepali population. Eligibility criteria were having contributed a pregnancy in the original study and living in the study area at the time of follow-up. Women were approached on a single occasion during [2006] [2007] [2008] for the follow-up interview and assessments. Pregnant women (n = 421) were excluded from this analysis because pregnancy may alter dietary norms. The initial trial was approved by the Nepal Health Research Council (Kathmandu, Nepal), the Joint Committee on Clinical Investigation at the Johns Hopkins School of Medicine (Baltimore, MD, USA), and the Teratology Society (Bethesda, MD, USA). The follow-up study was approved by the institutional review boards of Johns Hopkins University and the Institute of Medicine, Tribhuvan University (Kathmandu, Nepal). Oral consent was collected from the women at the time of the follow-up interview.
Dietary Assessment
An interviewer-administered FFQ was developed for the cohort followup survey, the details of which are described elsewhere (Campbell et al. 2014) . Briefly, the questionnaire contained 59 commonly consumed foods, including fruits and vegetables separated into ten year-round, available at Downloaded by [Cornell University Library] at 06:10 17 February 2015 a stable quantity and price throughout the year, and 18 seasonal, available only during specific times of year. As the interviewers reviewed the food list respondents were first asked the usual frequency per day, week, month or year with which they consume each food considered available throughout the year. For seasonal vegetables and fruits, women were asked the usual frequency per day, week, month or season with which they ate the food during specified months when it was in season, based on a local agricultural calendar. The usual frequency interview normally required 15-18 minutes to conduct.
Once the usual intake interview was completed, the same list of 59 foods was independently reviewed in the same order a second time by the interviewer. On that pass, respondents were asked how many times they consumed each listed food, both year-round and seasonally available, in the seven days prior to the interview.
Assessment of Covariates
Interviews occurred at women's homes and the trained interviewers also asked after and observed participants' household possessions, land ownership and the physical quality of their house structure. Women were also asked their age, number of live births and level of education.
Analytical Procedures
Observations above the 99th percentile of consumption frequency for each food were considered likely reporting or recording errors and dropped from the analysis (mean 39.4, maximum 233 observations [1.5% of the study population] dropped per food). Participants with outlying values for individual foods were not excluded from the analysis of other foods as total macro-and micro-nutrient consumption was not calculated. Questionnaire food items were combined prior to analysis for foods with similar nutrient profiles and consumption patterns. Food groups were defined based on the Food Composition Table for Nepal 2012 (National Nutrition Program 2012). All intake frequencies and units for reported usual and past 7-day intakes were converted to times per week.
An in-season period was assigned to each seasonal vegetable and fruit (Campbell et al. 2014 ) and interviews were classified accordingly as in-season or out-of-season for each food. The in-season period for each food was divided into thirds, and interviews in the middle third of the in-season period were classified as "in peak season".
Statistical Analysis
Usual and past 7-day intakes for individual foods were categorized as none/1-3 times (> 0 and < 4 for usual intakes)/≥ 4 times per week across all foods to provide a consistent basis for comparison. However, when assessing agreement, intake frequencies were stratified for each food into lower/middle/upper thirds of intake distribution. For each food, nonparametric summary statistics (median, inter-quartile range [IQR] ) were calculated and agreement between past 7-day and usual intake was assessed with Spearman rank correlation coefficients, weighted kappa scores, and percentage of participants classified in the same, adjacent and extreme opposite thirds of the distribution. For seasonal foods, only women interviewed during the in-season period were included in the tests of agreement for that food. Measures of agreement were repeated for women interviewed in peak season (for seasonal foods), for those with reported intake > 0 times per week, and stratified by level of SES. Statistical analyses were performed using STATA version 11.1 (StataCorp, College Station, TX).
RESULTS
Sociodemographic Characteristics
A total of 16,320 women participated in the follow-up study. The majority of women were age 30-39 years (57.9%), and belonged to households that owned land (77.1%) and at least one cow or goat (85.7%) (table 1). Only 19.5% of women's houses had walls made of cement. The literacy rate was 15.1% in the study sample. Socioeconomic status was consistent across the groups of study participants interviewed during different seasons. 
Diet Characteristics
Usual diet in this study sample as assessed by the past 7-day portion of the FFQ has been described previously (Campbell et al. 2014) . Briefly, the vast majority of women reported consuming rice, potatoes and vegetable oil ≥ 4 times in the week preceding the interview (96.8%, 81.6%, and 97.9%, respectively) and 65.5% reported consuming legumes ≥ 4 times (table 2) . Consumption of animal products, fruits and vegetables was low. Leafy green vegetables was the most frequently consumed vegetable type available yearround, and tomato and cauliflower when in season were the most frequently consumed seasonal vegetables (table 3) . With few exceptions, reported usual intakes were shifted toward higher consumption frequency categories compared to reported past 7-day intakes. The differences in median reported consumption between the past 7 days and usual, though mostly of small magnitude, were larger for seasonal fruits and vegetables.
Agreement between Usual and Past 7-day Intake
Spearman correlation coefficients between past 7-day and usual intakes for year-round foods ranged from 0.28 for green pumpkin to 0.85 for potato, with correlations for 24 of 34 (70.6%) year-round foods ≥ 0.50 (table 4) . Correlations were lowest for snails, vegetable oil, hydrogenated oil and several vegetables, all foods with extremely high or low consumption frequencies and very little variation in consumption within the study population. Correlation coefficients for seasonal foods calculated for women interviewed during each food's in-season period ranged from 0.12 for ripe mango to 0.58 for cauliflower (table 5) . Tomato and cauliflower, the seasonal foods with the most women in the highest category of past 7-day intake, had the highest correlation coefficients (0.57 and 0.58, respectively). Correlation coefficients for all other seasonal foods were < 0.50.
For 31 of 34 year-round foods, ≥ 50% of women were classified in the same third of intake by the 7-day and usual intake survey sections. For year-round foods, the mean percent classified in the same third of intake was 63.3% (range 38.6%-96.8%). The mean percent grossly misclassified into opposite thirds of intake was 11.7% (0.1%-28.9%). For seasonal foods, the mean percent classified in the same third of intake was 80.8% (65.4%-98.2%) and the mean percent misclassified into opposite thirds of intake was 3.5% (0.5%-14.5%). When this analysis was repeated across strata of SES, food consumption, and peak season for each seasonal food, these findings were not substantively different (data not shown).
Weighted kappa scores for agreement between past 7-day and usual intake of year-round foods ranged from 0.10 for green pumpkin to 0. 
DISCUSSION
The present study examined agreement between reported usual and past 7-day dietary intake among women living in the Terai of Nepal. Reported usual intake frequencies exceeded past 7-day intake frequencies for most foods, but agreement between the two measures for foods consumed with some regularity or moderate to high variability was good as assessed by Spearman correlation coefficients, weighted kappa scores, and percent classified in the same and extreme opposite thirds of the intake distribution. Agreement for seasonal foods was lower than for year-round foods. The different measures of agreement tended to rank the foods similarly, but often classified them into different categories of agreement (good, fair, poor, etc.). In particular, Spearman coefficients and percent agreement tended to rate agreement as good when kappa scores rated agreement as fair. Most published evaluations of FFQs implemented in similar settings have used estimates of the nutrient composition of participants' diets rather than consumption of individual foods to validate the FFQ against a goldstandard or previously validated instrument (Hebert et al. 1999 ), making it difficult to directly assess the comparability of our results. Two studies in populations similar to our cohort reported systematic overestimation of dietary intake by FFQs but average or better correlation coefficients between the FFQ and multiple 24-hour recalls (Cheng et al. 2008; Hebert et al. 1999) . Other validation studies did not report systematic overestimation by a FFQ compared to 24-hour recalls (Hebert et al. 1998; Johnson et al. 2009 ), but the number of food items included in the FFQ food list is known to influence the observed absolute intakes (Krebs-Smith et al. 1995) . When FFQs are used to rank participants rather than quantify absolute intake, as they typically are, these concerns are less paramount. Still, guidelines for developing FFQs recommend including only foods consumed by a substantial proportion of the population, as infrequently consumed foods tend to be poorly assessed by FFQs and are not useful for differentiating participants by dietary pattern (Cade et al. 2002; Willett 1998) .
Several factors may contribute to the low agreement between usual and past 7-day intake of most seasonal foods observed in the present study. While a number of studies have reported on cognitive processes required to accurately respond to a FFQ (Margetts and Nelson 1997; Wirfält 1998) , no research to our knowledge has been published on cognitive demands related to recalling consumption frequencies for periodically consumed foods. It is possible that people recall their consumption of seasonal foods during the peak of the season only, rather than averaged across the entire in-season period, or that people recall their consumption during a generalized or idealized season rather than during a typical year. Additionally, infrequently consumed foods, seasonal or otherwise, generally show low agreement in FFQ validation studies, as discussed above. Our finding that tomato and cauliflower, both seasonally available but consumed by a large proportion of the population when in season, showed good agreement between usual and past 7-day intake supports the role of low consumption rather than poor recall of seasonal diet in the low agreement observed for the majority of seasonal foods.
Previous studies of diet and health status in Nepali women have shown that even small amounts of vitamin A-rich foods appear protective for pregnancy and perinatal complications (Christian et al. 1998) . One important application of a single-administration dietary questionnaire in this population would be to differentiate low consumers from non-consumers of vitamin Arich fruits and vegetables that may not be available at the time of year in which the questionnaire is administered. Based on the results of this study, a usual intake FFQ may not be a suitable instrument for that purpose in this population, as most vitamin A-rich fruits and vegetables are consumed infrequently even when in season.
We present multiple statistical measures to convey different aspects of agreement. The measures concur in their ranking of foods according to level of agreement, though in some cases foods with the same Spearman correlation coefficient had very different kappa scores (e.g., maseura and wheat roti). The measures differed most markedly, however, in their classification of agreement as "good," "average," "fair," and so on. In particular, when percent classified in the same third of intake and Spearman coefficients were greater than 0.50, weighted kappa scores frequently classified agreement as "average" or "fair". This may be expected in that kappa measures the agreement in excess of what would be expected by chance, while the other measures are of any agreement. Similar disagreement in classification has been reported in FFQ validation studies previously (Masson et al. 2003) .
We employed a past 7-day intake assessment, querying a large number of participants across the seasons of the year, as the basis for evaluating the performance of the usual intake FFQ. Our analysis rested on an assumption the assessed women's weekly samples would be random, and therefore representative of the population's intake in a given week of the year, which appeared to be a reasonable assumption based on comparability of participants by season of assessment. Strengths of the present study include its large sample size, seven days of recalled diet, and use of multiple statistical measures of agreement. Additionally, the separate examination of year-round and seasonal foods and the distribution of interviews throughout the calendar year are strengths of the study, as seasonality significantly influences dietary intake patterns in this population. Limitations relate to the use of a method that is not considered a gold-standard for assessing recent diet, including the assessment of recent and usual diet on the same occasion, the use of a single 7-day recall period rather than multiple 24-hour recalls, and the use of a set food list rather than an open-ended recall to measure recent diet.
This study describes a promising direction in dietary assessment in rural low and middle income country settings where diet is subject to seasonal variation, and demonstrates the viability of an interviewer-administered FFQ to assess diet in this type of setting. In particular, usual consumption of seasonally available foods can be estimated for the purpose of ranking individuals with a single-administration questionnaire, provided the food is consumed with non-zero frequency in a large portion of the population. Additional research is warranted to further improve upon this FFQ method, especially to adapt it to settings of low dietary diversity. For studies where infrequently consumed micronutrient-rich foods are of particular interest, further investigation is needed to determine the best method for assessing consumption patterns of those foods. 
